OBJECTIVE: To determine whether habitual leisure time physical activity and body mass change of working-aged men and women are associated. DESIGN: Prospective 10 y follow-up study. SUBJECTS: A regionally representative cohort of 19±63 y old men (n 2564) and women (n 2695) in three municipalities in Finland. MEASUREMENTS: The main outcome measures were average body mass change during the 10 y of follow-up and the clinically signi®cant body mass gain de®ned as a body mass gain of 5 kg or more during the follow-up and a body mass index of 26 or higher at the end of the follow-up. Leisure time physical activity was determined from self-administered questionnaires. RESULTS: After adjustment for the potential confounders, the logistic regression analysis showed that the men and women with no regular weekly activity at the end of the follow-up had an odds ratio of 2.59 (95% con®dence interval, 1.69±3.97) and 2.67 (1.65±4.31), respectively for clinically signi®cant body mass gain in comparison with the most active groups. The men who had decreased their activity during the 10 y follow-up had an odds ratio of 1.96 (1.39± 2.75), and the men who were physically inactive all the time had an odds ratio of 1.62 (1.18±2.20) for clinically signi®cant body mass gain when compared with the subjects who were active all the time. Among the women the odds ratios for clinically signi®cant body mass gain after adjustment for potential confounders were 2.49 (1.72±3.60) and 1.61 (1.17±2.21), respectively. CONCLUSION: These ®ndings are consistent with the hypothesis that regular physical activity prevents body mass gain and physical inactivity is a risk factor for body mass gain and obesity among adults.
Introduction
The proportion of overweight adults has increased in Western societies despite the increasing evidence of the adverse health effects associated with overweight and obesity. 1±5 Overweight and obesity are well known independent risk factors for increased mortality, 6±8 and for several chronic disorders such as musculoskeletal 9, 10 and cardiovascular diseases, 11±14 hypertension, 15, 16 and diabetes. 17±20 Although there appears to be a graded association between body mass and the disease risk, a clinically signi®cant risk for some of these states is associated with a body mass index (BMI) value of approximately 26 or more and with a body mass gain of at least 5 kg during a 10 y or longer follow-up period. 9, 12, 14 Several observational and intervention studies suggest that increased physical activity and low-caloric diet are the major strategies for controlling body mass gain. 21±29 According to recent reviews 30, 31 physical activity affects body composition and body mass favorably by promoting fat loss while preserving lean mass. In addition, it has been concluded that the rate of body mass loss is positively related to the frequency and duration of the exercise sessions, as well as to the duration of the exercise program, thereby suggesting a dose-response relationship. Furthermore, whereas the rate of body mass loss resulting from increased physical activity is relatively low, physical activity may nonetheless be a more effective strategy for long-term body mass regulation than dieting alone.
Frequent criticism has been directed towards the measurement of physical activity. 29, 31 It has been argued that the impact of physical activity on body mass is dif®cult to determine accurately because of the low prevalence of higher intensity physical activity in the general population, the measurement error with regard to self-reported activity, especially that of lower intensity, and the inappropriate time frame of the physical activity assessment. 31 The objective of this study was to determine whether an association exists between leisure time physical activity and body mass change. For this purpose a 10 y follow-up of a cohort of working aged men and women was used.
Methods

Subjects
A systematic and representative sample of residents between 19 and 63 y of age was drawn from the census data of a medium-size industrial town and two rural municipalities in northeastern Finland. The sample represented about 20% of the working age population of the target area in 1980.
A self-administered questionnaire including structured questions concerning living habits and health behavior, health status, functional capacity, and sociodemographic background factors was sent to the subjects at the beginning of 1980. The ®nal response rate, after two reminders was 77.5% (n 5259). Follow-up questionnaires requesting similar information were sent to the respondents 5 and 10 y later. The response rates for these surveys were 84% and 85%, respectively.
Assessment of physical activity
The most comprehensive measure of physical activity was the total energy expenditure index estimated at the beginning of the study. Leisure time physical activity was assessed primarily from the data obtained with 23 individual questions concerning conditioning exercise, sports, physical recreation, different leisure time and household chores, and active commuting to and from work. An index for total leisure time physical activity was expressed as the weekly net energy expended in physical activity (kcal/wk) during the year preceding the questioning. This was calculated by multiplying the weekly frequency and average duration of each type of physical activity reported and a coef®cient estimating the rate of the energy cost and the seasonal duration of each activity. The latter was derived from the compendium of the energy cost of physical activities presented by Ainsworth et al. 32 The net energy expenditure was calculated for each activity by subtracting the value 1 from the given metabolic rate (MET). A summary list of the MET values for selected activities has been described in more detail elsewhere. 33 When no information was available on the duration of one physical activity session, the estimated average time was derived from the Finnish time-budget study. 34 The seasonal coef®cient was assigned a value of and if the physical activity could be done year round. For seasonal activities like gardening, the value was scaled to the estimated length of the active season, and thus the range for the seasonal coef®cients was 0.1±1.0.
The constructed index was used to divide the subjects into high, moderate and low physical activity groups according to the thirds of the total amount of weekly energy expended during leisure time physical activity. For the men the index was categorized as 0± 1000, 1001±1800, and b 1800 kcal per week. For the women the weekly energy expenditure for leisure time physical activity was lower than for the men, and the classi®cation was 0±800, 801±1300, and b 1300 kcal per week, respectively.
The second measure was a single-item self-assessment of global physical activity assessed in 1980, 1985, and 1990 . The wording of this physical activity question covered the intensity, frequency, and duration of exercise sessions as follows.`Which of the following categories best describes your physical activity during the past 12 months? Consider all types of leisure time physical activity, including walking and cycling to and from work, if the trip takes at least 15±20 min one way'. The response alternatives were: (1) vigorous activity twice or more a week, (2) vigorous activity once a week and some light intensity activity, (3) some activity each week, and (4) no regular weekly activity. In our data the validity of the single-item global physical activity was found to be good, for example, with reference to the results of the 2 km walking test, with which the maximal aerobic power can be estimated. 35 The third measure was an estimation of the history of physical activity during the follow-up period. It was based on the change in the self-assessments of global physical activity in the surveys of 1980 and 1990. The 10 y history of leisure time physical activity was categorized as: (1) physically active all the time (vigorous activity once or more a week both in 1980 and 1990), (2) physically activated (no vigorous activity in 1980 but at least once a week in 1990), (3) physically inactivated (vigorous activity once or more a week in 1980 but not in 1990), and (4) physically inactive all the time (no vigorous activity in either 1980 or 1990).
Assessment of body mass change
The self-administered questionnaires included an open question concerning the subject's body mass both at the baseline and at the end of the follow-up. The 10 y body mass change was derived by subtracting the initial body mass from the follow-up body mass. In order to evaluate the validity of self-reports of body mass, we compared the body mass index distribution in this study in 1980 with that obtained from a large, nationally representative Finnish study with objectively measured weights and heights. 36 Among the men there was no difference in body mass index distribution while among the women our values based on the self-assessed body mass were slightly lower than those of the reference population. This is in agreement with several other studies 37 in which high accuracy between self-reported and measured weight has been reported in general population but some reporting errors among certain subgroups such as for overweight persons may exists. 38, 39 In a follow-up
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Assessment of confounding factors
The data concerning such confounding factors as age, BMI and perceived health status were derived from the baseline questionnaire, while those on socioeconomic status, smoking, and prevalence of chronic diseases were obtained from the follow-up questionnaire. The information concerning marital status and alcohol consumption was obtained from both surveys. Each of these measures were considered to be categorical.
Statistical analyses
An analysis of covariance was used to assess the differences in the means of the 10 y body mass change according to the selected baseline characteristics and living habits. Logistic regression was used to estimate the odds ratios for a body mass gain of 5 kg or more and for a BMI of at least 26 at the end of the follow-up, according to the measures of leisure time physical activity.
Results
Association of background characteristics with the body mass change
Among the men age, BMI, smoking, perceived health status, and socioeconomic status were associated with the 10 y body mass change (Table 1) . Body mass gain was highest among young, past smokers and employees in the upper level socioeconomic class, as well as among subjects with a low BMI and average perceived health. Among the women age, socioeconomic status and BMI were associated with body mass change ( Table 2 ). Marital status, chronic diseases and alcohol consumption were not associated with the body mass gain either among the men or among the women. The energy expenditure index at the baseline was associated with the 10 y body mass change among the women but not among the men (Tables 3 and 4) . After adjustment for age, the women engaging in lowto-moderate activity gained slightly less than did those in the high activity group. As with the energy expenditure index, the single-item self-assessment of leisure time physical activity at the baseline showed smaller amounts of body mass gain for the physically least active women, who had also the highest initial body mass. The self-assessed leisure time physical activity at the end of the follow-up was associated with the 10 y body mass change among both the men and the women. The average body mass gain was lowest among the most active men and women and highest among the least active men and women.
The 10 y history of leisure time physical activity, based on two independent questions, was associated with the body mass change during the same time period among both the men and the women. Body mass gain was highest among those who had decreased their physical activity and lowest among those who had increased their activity.
According to Table 5 the men with no regular weekly activity at the end of the follow-up had gained 2.5 kg more than the men with vigorous activity twice or more a week during the 10 y when age, body mass index, perceived health status, smoking status, and socioeconomic status were adjusted for. Among the women those not participating in regular weekly activity gained 1.7 kg more than did those participating in vigorous activity at least twice a week when age, BMI and smoking status were adjusted for. The 10 y history of physical activity showed that those who were physically inactivated or had been physically inactive all the time gained more than did those who were physically active all the time. Table 6 shows the odds ratios of gaining 5 kg or more and a BMI of 26 or more at the end of the follow-up according to the physical activity levels. An inverse gradient association between the single-item self-assessment of leisure time physical activity at the Physical activity and body mass change N Haapanen et al Physical activity and body mass change N Haapanen et al end of the follow-up and body mass gain can be seen. For those not participating in regular weekly activity the odds ratio for body mass gain was 2.59 (1.69± 3.97) for men and 2.67 (1.65±4.31) for women compared with those participating in vigorous activity at least twice a week. The 10 y history of leisure time physical activity showed that for both the persons becoming physically inactive and those who were physically inactive all the time the odds ratios were statistically signi®cantly higher than those of the men and women who were physically active all the time.
Discussion
In this study large body mass gain over a period of 10 y was associated with a low level of physical activity and, especially, with a decreasing level of activity. In agreement with several longitudinal studies, 40±44 the substantial body mass gain during the follow-up was related to smoking cessation, as well. As a consequence, although the health bene®ts of smoking cessation are unlikely to be negated by the frequently associated body mass gain, the cosmetic Table 5 The 10 y body mass change differences (kg) of the male and female subjects according to the leisure time physical activity in 1980 Physical activity and body mass change N Haapanen et al effects of the gain in body mass may interfere with attempts to quit smoking. 44 Since the body mass gain after smoking cessation has been explained mainly by the changes in basal metabolic rate, 45, 46 the reduced caloric need of ex-smokers calls for effective methods for body mass control among smokers trying to quit. 42, 47 The leisure time physical activity at the beginning of the study was weekly and partly inconsistently associated with the 10 y body mass change among the women. A corresponding non-signi®cant ®nding between the baseline single-item self-assessment of recreational activity and 10 y body mass gain has also been observed in a recent US study with a large adult population sample. 48 In some other studies with smaller sample sizes and shorter follow-up periods, the higher baseline leisure time physical activity has been found to be associated inversely with 2 to 3 y body mass gain among middle-aged and younger women. 49, 50 In their study Williamson et al 48 hypothesized that the lack of relationship they found was due to mis-classi®cation of physical activity because of changes in activity over time. The authors reported that about half of the subjects of the 10 y cohort changed their level of recreational activity between the baseline and follow-up interviews. In our data overlapping between the physical activity groups occurred as well. Both among the men and the women about one third changed their activity level during the 10 y follow-up period.
However, in agreement with another Finnish study 41 and with US report, 48 there was a doseresponse relation between the level of physical activity at the end of the follow-up and the 10 y body mass gain among both the men and the women. Our ®ndings also suggest that a suf®cient level of physical activity for body mass control may be achieved only by including some vigorous exercise in the activity.
The 10 y history of leisure time physical activity was associated with the body mass change during the same time period among both the men and the women. Again, in agreement with the study by Williamson et al, 48 the body mass gain was highest for the men and the women who decreased their activity, while the body mass gain was lowest among those who had increased their activity. Consistently with our ®ndings concerning the 10 y period, an additional analysis in this data showed that also during the 5 y period (from 1980±1985) the body mass gain was highest for those who had decreased their activity and lowest for those who had increased their activity (results not shown). However, our results con¯ict to some extent, with those of another Finnish study, 50 in which the change in leisure time physical activity was not associated with the 3 y body mass change for either the working aged men or the women. The difference may be due to the shorter follow-up period in the latter study. It is possible that the level of physical activity is not only a determinant but also a consequence of body mass change. Persons with substantial body mass may be likely to take part in physical activity due to their appearance or because the body mass itself or some overweight related conditions such as musculoskeletal symptoms might make it dif®cult for them to perform the activities. Some authors, for example, Voorrips et al 52 have suggested this view based on their ®ndings in a small sample of women 70 y and older. In their study the current difference in body shape and fatness between the physically active and inactive women was already present at the age of 25 y and it persisted throughout their adult life.
Recently Byers 6 has recommended that both in future research and in health education the focus should be less on body mass as such and more on the primary factor that increases body mass: inadequate physical activity relative to the amount of food eaten. In another statement 25 the role of long-term and voluntary body mass loss rather than controlled programs has been emphasized. It has been estimated that among the participants remaining in body mass loss programs one to two thirds of the body mass is regained within 1 y, and almost all is regained within 5 y. 25 Our results support the referred views by providing evidence for the role of continuous regular physical activity over many years in the prevention of body mass gain.
Conclusions
In summary, this 10 y follow-up study of a representative adult cohort in northeastern Finland showed that a low level of physical activity and, especially, a decreasing level of activity during the follow-up period were strongly associated with large body mass gains, while increased activity was associated with small body mass gains. These associations remained statistically signi®cant after the inclusion of confounders in the model. Our ®ndings are in agreement with the evidence reported in clinical trials and intervention studies, and its supports a relationship between physical inactivity and the development of overweight and obesity.
